Abstract--The < 1-~m fraction of 17 bentonite samples from KinnekuUe, southwest Sweden, were studied by chemical analysis, X-ray powder diffraction, and cation-exchange capacity. The bentonites are interbedded with undeformed, flat-laying Ordovician and Silurian sediments and were formed by the transformation of volcanic ash (dated at about 450 Ma) into smectite, which later converted to mixedlayer illite/smectite (I/S). The reaction, possibly driven by heat from an overlaying diabase intrusion (about 300 Ma), stopped at different stages of conversion, as evidenced by the I/S which ranges in composition from 60 to 10% smectite layers. A 2-m-thick bed shows zonation, with decreasing smectite proportions towards the upper contact. The zonation is not symmetrical towards the lower contact. In thin beds the illite proportion is higher and the regularity of ordering is inversely proportional to the thickness of the bed. K:Sr and K:Rb ratios follow the illite pattern; the ratios are highest at the contact and in thin beds. The inhibiting effect of Ca and Mg on the smectite-to-illite conversion probably was the cause of less-reacted smectite in the center of the thick bed.
INTRODUCTION
Middle Ordovician and Silurian sedimentary rocks in the Kinnekulle region, southwest Sweden, are interbedded with K-bentonites that contain a series of mixed-layer illite/smectites (I/S) which show a wide range of systematic changes in the proportion of smecrite layers. The bentonites occur in flat-laying sedimentary rocks shielded from erosion by a cap rock of Permian-Carboniferous diabase. The first comprehensive description of the bentonites was reported from a drill core through the Paleozoic sediments at Kullatorp, on the western slope of Kinnekulle, and from outcrops at Stora Mossen, on the eastern slope (Waern et al., 1948) . Bystr/im (1954 Bystr/im ( , 1956 showed the bentonites to be of two types: that from the two thinner beds (A-beds) contained 5% KzO and about 60% illite layers in the I/S; the other from a 2-m-thick bed (B-bed) just below the A-beds contained 2.5% K20 and about 20% illite layers in the I/S. The samples then available gave no information on I/S variations within the thick bed. Thinner beds (C-beds) below the B-bed also were reported to contain high percentages ofillite layers in the I/S. Bystr6m (1954 Bystr6m ( , 1956 reported that the bentonites were derived from volcanic ash falls, but for the successive change to K-bentonites, the source of K remained a problem--sea water, volcanic glass, or some other source. It was not initially determined whether the I/S minerals were present only in a few rational proportions of smectite and illite layers, or as a continuous range. In addition to the I/S proportions mentioned above, Weaver (1953) , in his study of Ordovician K-bentonites from North America, found 80% illite layers in the I/S. A detailed study of the thick bentonite bed was initiated to illuminate these problems, and a systematic sampling was made by the present author in 1955. Some of these samples were also used by Hower and Mowatt (1966) , Reynolds and Hower (1970) , and Velde and Brusewitz (1982) . Since the initial Kinnekulle study, many publications on I/S in bentonites of different ages have been made (e.g., Srod6n, 1976; Sn/ill, 1977; Schultz, 1978; Inoue et al., 1978; Pevear et al., 1980; Huffand Tiirkmen6glfi, 1981; Nadeau and Reynolds, 1981; Altaner et al., 1984) . In relation to many of the above bentonites, the Kinnekulle materials are unique in that no thrusting or redeposition has occurred and samples with a wide range of I/S compositions can be collected from a single locality.
The aim of the present study is to document the I/S minerals from several levels in a 2-m-thick B-bed and from the thinner beds and to draw conclusions regarding the smectite-to-illite conversion process. The methods employed were X-ray powder diffraction, chemical analysis, and cation-exchange capacity. K/Ar age determinations were also made, but for the most part will be reported elsewhere.
GEOLOGIC SETTING
The sedimentary rocks at Kinnekulle were not subjected to major tectonic activity and are flat-laying. The Kinnekulle diabase cap today covers an area of 0.4 km 2 and is about 30 m thick. According to Sundius it had a wider extension (see Johansson et al., 1943) , possibly being connected to the diabase intrusives in the Billingen area, 30 km to the southeast. The latter J The Kullatorp core was drilled on the western slope of Kinnekulle. The levels of sampling were taken from the description of the core (Waern et al., 1948) , the exact position not being possible to define in the present state of the core. The B-bed was sampled at Stora Mossen on the eastem slope, where the bentonite was mined by Sk/~nska Cement Co. in the 1940s. intrusives were dated by Priem et al. (1968) by the K/Ar method at 287 _+ 15 Ma.
Bentonites occur in both Silurian and Middle Ordovician marine rocks. Thorslund placed the latter in the Caradocian, lower Chasmops series (see Waern et al., 1948) . In a more recent stratigraphic determination, the bentonites were placed within the Skagen and Dalby formations (limestone), with the boundary between these units at the top of the B-bed (Skoglund, 1963; Jaanusson, 1964) . The volcanic ash fall that was the precursor of this bed was dated by the K/At technique on sanidine phenocrysts at 444 + 20 Ma (Bystrrm-Asklund et al., 1961) . Recently, biotites from the same fractionated material were dated by the 4~ 39Ar method at 455 Ma (Kunk et al., 1984) . Figure 1 shows a schematic section of the Kinnekulle strata. The Ordovician bentonites occur with grey and black shale, calcareous mudstone, and limestone containing glauconite in the upper part. Strata adjacent to the bentonite beds are typically cherty. Bentonites are Waern et al., 1948) .
abundant, but the most interesting one is the 2-m-thick B-bed. Above this bed, separated by a 20-cm-thick calcite layer, are two thinner A-beds, A1 and A2, each about 15 cm thick. Below the B-bed are nearly 20 C-beds, of variable thicknesses, some as thick as 90 cm. The bentonites consist mainly of I/S, but phenocrysts are present in varying amounts. In the B-bed quartz varies from 5 to 20%, biotite and sanidine from 2 to 5%, and plagioclase phenocrysts (strongly kaolinized) from 5 to 10%. In addition, pyrite and other phenocrysts are present in subordinate amounts (Bystr6m, 1956 ).
The Silurian bentonites are interbedded with grey and red mudstone interbedded with black shales (Waern et al., 1948) . All Silurian bentonites are thin, mostly less than 2 cm thick.
EXPERIMENTAL

Sampling
The samples studied are listed in Table 1 Ordovician C-beds. The B-bed could not be sampled in the core because of core loss. Instead, this bed was sampled at Stora Mossen in an abandoned mine. In 1955, it was still possible to reach a fresh wall of the upper part of the B-bed, the lower part being below water. Nine samples were collected, B31-B39, from 200 the top to slightly below the middle of the bed. For a complete section of the B-bed, drilling was carried out at Stora Mossen (by the Nuclear Safety Company, KBS). Only a preliminary study has been made of this material (Brusewitz, 1984) . t~
Sample preparation
Twenty grams of each sample was dispersed in distilled water by gentle crushing and ultrasonic vibration. The suspensions were centrifuged to obtain the < 1-gin fraction. No chemicals were used for dispersion, and no extractions were made in order to keep the samples in their natural state as much as possible. The collected suspensions were dried on stainless steel trays. Finally, the dried material was homogenized by gentle grinding in an agate mortar. Inasmuch as no chemicals were used, dispersion was not complete, and the > 1-urn fractions consisted chiefly of aggregates of I/S particles.
Chemical analysis
Major elements were determined on the < 1-gin fractions at the Geochemical Division of the Geological Survey of Sweden. Samples were fused in lithium borate to which cobalt and beryllium were added as reference elements. The cooled melt was ground to a fine powder, and a portion was removed for the determination of alkalies by atomic absorption, after dissolution in dilute HNO3. Most of the powder was mixed with paper pulp and transported by a moving tape into the light arc of a direct-reading emission spectrograph (Hilger, Jumbo Model). The signals from the samples were compared to those from a set of synthetic standards. The data were evaluated by a computer program that contained corrections for overlapping and interelement interferences and reported as wt. % oxides. International standards were run concurrently to check the equipment. A summary of the method is given by Danielsson (1968) . Si and A1 were also analyzed by spectrophotometric methods (Shapiro and Brannock, 1956) . Potassium was analyzed in connection with K-Ar age determination by the method of Cooper (1963) , but using specpure Cs2SO4 as buffering agent. The precision of the K20 determinations was _+ 1.3%. Ferrous iron, CO2, water, and moisture were determined by classical methods. The precision of the reported values (except for KzO) has been estimated to be _+2 relative percent. Sr and Rb were analyzed by X-ray fluorescence, with an estimated precision of _+5 ppm. The results are listed in Table 2 . 
Cation-exchange capacity (CEC)
The < 1-gm fractions were treated with a 0.5 M SrC12 solution to remove natural cations from exchangeable positions. The procedure was repeated three times; in one treatment the samples were left overnight. Excess SrC12 was removed by repeated washings, first with distilled water, then with 1:1 water : ethanol. The airdried powder was analyzed for Sr by X-ray fluorescence. Standards were prepared from Sr-free clay by the addition of SrCO3. The precision is _+ 2 meq/100 g. The CEC values are listed in Table 2 .
X-ray powder diffraction (XRD)
Before drying the suspensions of the < 1-gm fractions, a portion was removed for oriented XRD mounts. These were prepared by the suction and transfer technique of Drever (1973) after being collected by the filter technique of Brusewitz (1982) . The thickness of the clay was typically 10 mg/cm< The mounts were examined air dried as well as after ethylene glycol solvation. The treatment in an ethylene glycol atmosphere lasted for several days at 60~ XRD curves were also made of randomly oriented mounts, prepared by sideward-packing technique (Bystr6m-Asklund, 1966). All XRD work used a Philips instrument equipped with the wide-range goniometer (PW 1050), and CuKa radiation, monochromatized by a graphite crystal. A 1 ~ divergence slit, a goniometer speed of l~ and a paper speed of 10 mm/min were used. Most of the samples were also run after treatment with warm I-IC1 % smectite layers has been derived from XRD data of Srodofi (1980 Srodofi ( , 1984 
RESULTS
Zonation of the B-bed
The analyses (see Table 2 ) show a clear zonation of the B-bed. From the center upwards, K20 increases and CEC decreases. K20 vs. CEC shows a linear regression having a correlation coefficient of r = -.91. With the increase in K and the formation of illite layers, exchangeable ions, chiefly Ca, apparently moved out of the structure and most likely precipitated as carbonate. Thin selvages of calcite are irregularly distributed in the bentonites and may have formed from such expelled Ca. These selvages were avoided when the samples were collected. Sr appears to have been exclusively bound in smectite layers. Assuming that CEC is a measure of the smectite proportion of I/S (Figure 2 ), as illite layers formed, Sr was also expelled. It most likely precipitated with Ca and is no longer part of the bulk bentonite. The zonation of the B-bed is also obvious from the K:Sr ratios, representative of the I/S ratio (Figure 3) . From the center upwards, K:Sr gradually increases from 100 to 200. At about 20 cm from the top of the bed, the ratio changes abruptly to >400, indicating special boundary conditions. The K:Rb ratio is also shown in Figure 3 . Both elements, associated only with illite layers, have a constant ratio from the center upwards to about 20 cm from the top, at which point K:Rb increases but not as abruptly as K:Sr. Samples B33-B39 show a mean (Horstman, 1957) and 252 for Precambrian illites, rich in the 1Md polytype, reported by Reynolds (1963) . At the top of the B-bed, K:Rb is nearly 300, similar to values found for the thicker C-beds. One thin C-bed, sample K78, and the Silurian samples show values as great as 373 (Table 2) . Structural formulae were calculated from the chemical analyses in Table 2 on the basis of Olo(OH)2 (Table  3 ). The B-bed samples were corrected for quartz and kaolinite as estimated from XRD. CEC values were similarly corrected. HCl-extractions were used to check any change in the 7-~ reflection due, perhaps, to the dissolution of chlorite. The Silurian samples, which contained minor amounts of impurities (chiefly chlorite), were not corrected, because estimation of the amount of impurities was difficult. For sample K17 the CaO value was not used and exchangeable ions were based on CEC only. Ti was not included in the formulae because XRD showed anatase to be present in many of the samples. M+/O~o(OH)2 was calculated from the CEC values; M + is the sum of exchangeable ions (chiefly Ca 2+ and Mg 2+) as equivalents (Bystrrm, 1956 ). In the calculations all CaO and Na20 (the latter being present in subordinate amounts) were regarded as exchangeable, and all K20 as fixed. Exchangeable Mg 2 § was obtained by subtracting the sum of Ca and Na equivalents from M § and the remaining part was assigned to the octahedral sheet (Foster, 19 51) .
The structural formulae show Silurian samples to have high octahedral occupancy and unbalanced charge, because no corrections were made for impurities. The formulae do, however, show the highly illitic character of these samples. Two samples in the B-bed series, B32 and B36, also show high octahedral occupancy, possibly due to poorly estimated impurities, but the trend of the series is still clear. Figure 4 is a plot of Si vs. fixed K per O~0(OH)2 (see Table 3 ). The line extrapolated to Kfix = 0 intersects the Si-axis at 3.95. This value suggests that the original smectite was montmorillonitic (Si4) rather than beidellitic (Si4_xAlx) and that A1 substitution in this sheet took place during the formation of the illite layers. (from K~J0.73). Postulating only illite and smectite layers, the result given in Table 3 is expressed as % smectite layers. These data imply a constant Knx for all illite layers, a conclusion questioned by Srodofi et al. (1986) and which will be discussed below. Extrapolation of the line in Figure 5 in the other direction to Knx = 0 gives M+m,x = 0.62, a high value compared to 0.4, the average charge of the "pure" smectite layer (Weaver and Pollard, 1973) . These authors, however, also stated that values as large as 0.60-0.65 are legitimate maximum values. In addition the relation of total layer charge to K~,~ does not correspond to published observations which show that layer charge decreases with decreasing Knx (Eslinger et al., 1979) . For the Kinnekulle Ordovician samples, the total layer charge is constant at 0.68 _+ 0.03, although Knx changes from 0.23 to 0.52.
Comparisons of M+max and K~x/max with those of published I/S series (Table 4) show the M+ma~ values, except for the Kinnekulle series, to have fairly concordant values of about 0.4. The Knv .... shows a greater spread, being highest (0.90) for the Polish clays. Thus, these discrepancies probably do not reflect different I/S compositions; more likely, they result from different sample pretreatments, in particular, citrate extraction (Mehra and Jackson, 1960) .
X-ray powder diffkaction
XRD curves of randomly oriented samples show only hk reflections at about 4.48, 2.57, and 1.50 ~ as distinct peaks. Even the most illitic sample (sample K6) shows no sharp hkl reflections, suggesting thin crystallites and poor crystallinity. The 060 peak at 1.50 ~, suggests a dioctahedral structure.
The percentages of smectite layers in I/S estimated from the XRD patterns shown in Figure 6 by using the methods of Srodofi (1980 Srodofi ( , 1984 are given in Table 3 . Within the B-bed samples, the position of the 17-~ reflection is essentially constant, although Knx/Ol0(OH)2 ranges from 0.23 to 0.38. Samples B31 and B32, from the upper contact, display what appears to be a superlattice peak at 30 ~ before the 17-~ peak disappears. Concerning the transition from random (R=O) to reg- ular (R = 1) alternation of layers, a zone seems to be present in which at the same K~x both types of ordering exist; e.g., the I/S ordering of sample B31 is nearly random and that of samples K72 and K74 is ordered. A higher AI:Mg ratio in the octahedral sheet of the more ordered samples may explain these structural differences. As the proportion of illite layers increases (i.e., an increase in Kn~), no obvious change was observed in the position of the 17-]k peak of B-bed samples (see Figure 7 ), only the shape of the peak changes (see Figure  6a ). As the number of illite layers in the I/S increases, the peak becomes weaker and broader, and the background on the low-angle side of the peak increases. This saddle-to-peak ratio has been used to estimate I/S proportions (Weir et al., 1975; Eslinger and Savin, 1976; Hoffman, 1976) . Because of the many parameters involved (Srodofi, 1981 ) the method cannot be generally applied; however, in the present study of samples that had been uniformly treated with regard to sample preparation, chemical analysis, and XRD examination, a close relation between peak shape and chemistry is apparent. In Figure 8 saddle : peak intensity ratios are plotted against KUO~0(OH)z. Heights of saddle (h0 and peak (h2) were measured from the lowest point of the background near 8~
For ordered samples, the intensity of the superlattice peak at about 3~ was taken as hi. B-bed samples having random ordering (R=0) plot on a straight line (r = -.94). Samples having R>0 ordering are also linearly related (r = -.98), respectively. In a mineral assemblage containing no other K minerals or containing K minerals in only subordinate amounts (e.g., assemblages of quartz, chlorite, and kaolinite), the amount of I/S present can be estimated from the K2Ototal/ K2Oi/s ratio. The method is not precise, however, for smectite-rich I/S and random interstratifications.
DISCUSSION
Estimation of proportion of smectite layers in I/S
The proportion of smectite layers in I/S (Table 3) was estimated in two ways: (1) from XRD by the methods of Srodofl (1980 Srodofl ( , 1984 , and (2) from K~x in the structural formulae. The XRD-derived values were lower. A comparison between the methods was made by plotting the percentage of smectite layers vs. CEC and extrapolating to 100% smectite layers. The XRD method gave a CEC value of 194 meq/100 g; and the Kfix method, a value of 147 meq/100 g. The lower value is more in accord with the CEC of pure smectites.
Conversion of smectite to illite
Effects from the diabase intrusion could have masked previous diagenetic reactions in the Kinnekulle bentonites. A time span of 150 m.y. exists between the volcanic ash fall at about 450 Ma and the intrusion of the diabase at about 300 Ma. The volcanic ash was deposited in a marine environment in the Iapetus Ocean. Other studies on K-bentonites, e.g., Srodofi (1976) and Huffand Tfirkmenrglfi (1981) , considered that initially smectite formed from the volcanic glass, The Na-exchanged samples showed a great spread and did not extrapolate in a meaningful way.
and that at a later stage illite formed when K became available from an outside source. The same process is believed to have occurred for the Kinnekulle bentonires, a montmorillonite-type smectite first being formed as suggested from Figure 4 . The higher K:Rb ratios at contacts and in the thin beds suggest that these areas were saturated with formation brines having a high K:Rb ratio (Mason, 1966) for longer periods than the centers of the thicker beds. The process may have been diffusion controlled, as suggested by Altaner et al. (1984) .
An estimate of the temperatures that prevailed at Kinnekulle can be obtained from conodont colors (Bergstr6m, 1980) . Conodonts collected near the Silurian bentonites show a color alteration index (CAI) of 6, indicating temperatures >300~ no upper temperature being given. The Silurian bentonites show conversion of smectite nearly all the way to illite (i.e., < 10% smectite layers).
Conodonts from the Ordovician strata indicate lower temperatures. The Skagen limestone, sampled at Stora Mossen above the B-bed gave CAI values of 4; those from the Dalby Limestone below the B-bed gave CAI values of 3. These values correspond to temperatures of 190*--300 ~ and 110~200~ respectively. Still deeper in the strata (and further from the diabase) in the Gulh6gen Formation (Figure 1) a CAI of 1.5 was calculated, equivalent to temperatures of 50~90~ Most likely, the temperatures indicated are on the high side inasmuch as the period of heating must have been shorter than that of the CAI reference scale (Harris, 1979) . The relative decrease in temperature downwards in the strata shows that burial diagenesis of the type described by Perry and Hower (1970) was not active in the Kinnekulle bentonites or that it has been overprinted by the heating effect of the diabase. These conclusions appear to be true also for many other K-bentonites (Parachoniak and Srodofi, 1973; Sn/ill, 1977; Schultz, 1978; Pevear et al., 1980; Huff and Tiirkmen6glfi, 1981; Altaner et al., 1984) .
The Ordovician bentonites at Kinnekulle are located within a single 12-m-thick sedimentary sequence; temperature differences within this narrow interval might be expected to have been minor; however, based on CAI values, the temperature decreased downward, meaning that C-beds, which have a high proportion of illite layers in I/S, reacted at a lower temperature than the more smectitic B-bed above. Thus, factors other than temperature were probably important in the smectite-to-illite reaction.
To systematize different stages of the smectite-illite series, Inoue and Utada (1983, Figures 5 and 9) tanabe (1981) . In Figure 10 their diagram is modified to include Kinnekulle samples. These samples fill the gap in the Inoue and Utada (1983) plot. Inoue and Utada (1983) indicated a "diagenetic" field and arrows showing the hydrothermal trend, the latter along the g = 1 line (R=I of Reynolds, 1980) . The B-samples all fall in the diagenetic field, whereas two of the C-bed samples are in the diagenetic field and two are close to the g = 1 line. Nothing suggests that the reaction mechanism was different for the C-bed samples. The extrapolated path of the g = 1 line, proposed for hydrothermally reacted samples, apparently suits samples with a different chemistry, such as the Roseki samples which have Na in the interlayer position instead of K. Thus, crystal-chemical criteria rather than reaction mechanisms decide where samples will fall in the scheme.
Zonation
It is obvious that the thickness of a bentonite bed had a major influence on the degree of illite formation, as has been found for "whole rock" samples from Kinnekulle studied by Velde and Brusewitz (1982) . Recently, Altaner et al. (1984) described beds similar to, but younger than, those at Kinnekulle, in K-bentonites and 12 = peak varying between 8.7~
CuKa radiation. K20 (%) from Table 2 and corrected for impurities as shown in Table 3 . Curve for a rough estimate of K20 in illite/smectite (I/S) minerals. If K20 in the total sample is known, the amount of I/S can be obtained, provided only minor quantities of other potassiumbearing minerals are present; symbols as in Figure 4 . from the disturbed belt, Montana. One 2.5-m-thick bed showed clear zonation, with greater proportions of illite layers in I/S at the contacts. Thinner beds, if > 90 cm thick, also showed zonation. I/S minerals in the thinner beds contained the same proportion ofillite and smectite layers as those at the contact of the thick bed. At Kinnekulle, a distinct zonation is apparent from the center of the B-bed towards its upper boundary; I/S at the boundary contained about 20% less smectite layers than I/S at the center of the bed. Preliminary data on the lower half of the bed failed to show such a zonation downwards (Brusewitz, 1984) . Instead, according to XRD data, the smectite proportion in the I/S was constant at about 50% smectite layers.
Variations in geologic setting of the two areas described above may explain why the reactions differed. The Kinnekulle bentonite is flat-lying, and the lower contact shows silicification, probably a side effect of the alteration of volcanic glass to smectite, which slowed or hindered diffusion. The Montana bed, on the other hand, is tilted because of thrusting (Mudge, 1972 ; S. J. Altaner, Department of Geology, University of Illinois, Urbana, Illinois, personal communication, 1985) , which made diffusion from both contacts equally possible. K/Ar age determinations of the Montana beds gave ages of 54-56 Ma at the contacts and ages 3-4 m.y. younger at the center. Similar K/Ar age determinations of the Kinnekulle B-bed gave 336 Ma for the upper contact and about 300 Ma for samples collected at the center, a difference of 36 m.y. within a Figures 5 and 9) ; &20~ = 12 -11 and A202 = 13 --lz, where 11 is the reflection that varies between 5.1" and 7.6 ~ 12 between 8.9* and 10.2 ~ , and 13 between 16.1 ~ and 17.5~ CuKa radiation, g = 0, g = 1, and g = 2 correspond to R=0, R= 1, and R=2 of Reynolds (1980) thickness of only about 1 m, 10 times greater than for a similar distance in the Montana bed.
The availability of K in the surrounding rocks (shale vs. carbonate) is important to the smectite-to-illite reaction (Altaner et aL, 1984) . Nadeau and Reynolds (1981) found that the percentage of illite layers in I/S was lower in calcareous environments than in noncalcareous environments. These findings are supported by hydrothermal experiments which show that the ratio of K + to Ca 2+ to Mg 2+ is particularly important, the divalent ions inhibiting the smectite-to-illite reaction (Eberl, 1978; Roberson and Lahann, 1981; Inoue, 1983) . A plausible mechanism for the smectiteto-illite reaction can he deduced from the experiments of Lahann and Roberson (1980) (time and temperature necessarily being different), in which a mildly alkaline bicarbonate buffer (pH = 9) was used to study the dissolution of silica from montmorillonite--a reaction that is strongly dependent on the ratios of K+:Ca 2+, K+: Mg 2+, and K+:Na +. A low ratio of mono-to divalent ions retards the reaction. A mildly alkaline environment may have prevailed at Kinnekulle in which silica, alkalies, and most of the other reacting elements, such as A1, Ca, Sr, and Mg, probably entered solution as ions or ion complexes. As the proportion of smectite layers in I/S decreased, Sr was removed from the system, most likely precipitated with Ca as carbonate. A1 was apparently abundant, but did not limit the srnectite-to-illite reaction, as evidenced by the presence of kaolinite.
CONCLUSIONS
The Kinnekulle bentonites contain I/S ranging from random (R=0) and containing 50-60% smectite layers to those having greater order (R=I, R=3) and containing as much as 90% illite layers. Data derived from chemical analyses do not support earlier data based on XRD determinations. Thus, the charge ofM +, extrapolated to K~x = 0, is 0.62/O~0(OH)2, which is high compared with reported value for montmorillonite of about 0.3--0.4 (Weaver and Pollard, 1973; Eslinger et al., 1979; Srodofi et al., 1986) . The nearly constant value of total layer charge (0.68 _+ 0.03) for a variation of K~x of 0.23 to 0.52 per O~o(OH)2 has not been previously documented. Differences in the pretreatment of the samples or the analytical techniques may have influenced the results.
All the R=0 I/S samples were collected from the 2-m-thick B-bed, which showed an increasing percentage of illite layers towards the upper contact. Preliminary values from the lower half of the bed did not show the same systematic change of K content and proportion of illite layers in I/S that was found by Altaner et aL (1984) , probably due to the difference in the two geologic environments. The age difference between the top and the center of the bed (36 m.y.) is not clearly understood, Illite layers may have started to form at about 336 Ma, and then, during the intrusion of the diabase at about 300 Ma, the reaction went to completion with the formation of the K-bentonite that is present today.
The thinner C-beds show a higher regularity in I/S ordering than the B-bed; in the former beds a zonation can be seen too, in which higher proportions ofsmectite layers in I/S are found in the middle of a given bed. The thin Silurian beds nearest the diabase have reacted to nearly pure illite.
The extent to which the conversion of smectite-toillite took place appears to have been partly dependent on temperature, mainly provided by the diabase intrusive. If the temperature was the same for all beds, diffusion and chemical environment must have governed the extent of the reaction. The removal of Ca and Mg was apparently important, as was a source of K, both of which led to faster reaction (more complete conversion) in the thin beds than in thick beds at a given temperature. Reaction was slowest at the center of the thick beds.
